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Optimizing data recording for the NIF core diagnostic x-ray streak camera 

D. H. Kalantar, P. M. Bell, T. S. Perry, N. SewaU, C. Diamond, K. Piston 

Introduction 

The  x-ray streak camera is an important instrument for recording a continuous 

time history of x-ray emitted from laser target experiments. X-ray streak cameras were 

used to diagnose experiments in inertially confined fusion and hgh  energy density 

sciences on the Nova laser. These streak cameras are now used for similar experiments 

conducted at  the OMEGA laser facility, and cameras of this type will be used for 

experiments on the National Igrution  Facility (NIF). 

The Nova x-ray streak cameras (SSCs) used a sealed optical image intensifier 

coupled to film to record the streaked x-ray data. In order to develop the core  x-ray 

streak camera for NIF (ref Kimbrough) using a CCD based recording system, we 

evaluate the performance of the SSCs under a variety of detector configurations. 

We performed laboratory bench characterization tests of the SSCs to measure the 

spatial resolution and to evaluate the dynamic range and signal to noise  €or different 

configurations of the SSC. We present results of these tests here. 

Bench characterization 

We made test exposures of the streak cameras on the bench using a multi-anode 
high voltage x-ray source. A Ti anode was used to generate Ti K-alpha emission with  an 

x-ray source voltage of 10 kV and anode current ranging from 40-300 PA. The SSCs 
were tested with different recording system configurations, as illustrated in Figure 1 and 
described in Table 1. In each  case, the photocathode was identical, CsI coated onto a 

1000 Lexan substrate. A 12 ,urn Ti  filter was used to ensure that the x-rays incident on 

the photocathode were monochromatic (4.5 keV). 

Resolution test images were recorded with an array of 20-50 /"I wide slits with a 

1.5 rrun separation placed in front of the 1 nun wide photocathode. Additional images 

of the fully illuminated 1 mm wide photocathode slit were recorded at a range of x-ray 

source currents (x-ray fluences) and integration times. All test images were taken in the 

static mode, with  the electron tube image positioned at the center of the screen. The  gain 



of the optical image intensifier was set at medium, the gain of the direct electron 

rnicrochannel plate was set with a bias voltage of 900 V. 

FIGURE 1 

Component view of the x-ray streak c m e m  
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TABLE 1 

Tests performed on the LLNL SSC streak cameras 

ssc4 PC electrons 

ssc4 PC electrons 

SSCl PC electrons 

ssc4 PC electrons 

ssc4 PC electrons 

SSCl PC electrons 

P20 HTJP20 f i l m  

P20 film 

e- MCP/P11 film 

P20 IIT/P20 CCD 

P20 CCD 

e- MCP/P11 CCD 



Streak  camera resolution 

The  baseline configuration for the SSC includes an optical image intensifier with 

a P20 phosphor coupled to Kodak TMAX 3200 speed film.  The resolution in this 
configuration was measured as a function of position along the photocathode. This is 
shown in Figure 1 as the full width  at half maximum (fwh) of the point  spread 

function, calculated by deconvolving a lineout of the narrow slit image from the slit size 

itself. The resolution for this camera is best at the center of the photocathode and 

degrades towards the edges. The resolution is XX at the center, and XX 12 mm away 

from the center. Note that the degradation towards the edges is consistent with the 
design of f ie  streak tube. It is cylindrically symmetric and it has a flat photocathode and 
phosphor screen. This resolution may in fact be adjusted for a compromise focus across 

a wider portion of the photocathode, but this was not done  for these tests. 

FIGURE 2 

Plot of the resolution measurement.. . resolution as a function of position for 

SSC4 in the standard configuration., . then comment on the values at 0,12 ~lun offset.. . 
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The test exposures were done in a static mode, and therefore do  not include any 

dynamic saturation effects.  We compared the spatial resolution measurements for the 



baseline SSC configuration with  the other configurations listed in Table 1. These are 

discussed below. The resolution at the center of the photocathode and 212 mm offset are 

shown in Table 2 for each configuration. The resolution is improved by just removing 

the optical image intensifier, and also be replacing the electron sensitive phosphor- 

optical image intensifier combination with the direct electron sensitive microchannel 

plate. Note that in each  case, the optical 4kx4k CCD does not result in any significant 

degradation of the spatial resolution relative to film €or any configuration tests either 

with single pixels or 2x2 binning. Using the CCD as the detector does start to impact the 

resolution if the binning is done as 4x4. 

TABLE 2 

Resolution (deconvolved) at 0,12 m.m offset  for all cases 

Put in the table summarizing the results here. 

Dynamic saturation of the electron optics 

The resolution tests indicate that removing the optical image intensifier results in 
optimum performance. However, these bench tests do not include any dynamic 

saturation effects such as self focussing of the electron optics. In order to assess the 

viability of operating the camera in each configuration, we relate the static bench 

measurements to dynamics measurements. 

We used the film cahbration and exposure to establish the operation limits 

consistent with dynamic saturation such as self focussing of the electron beam  at the 
anode  aperture in the sweep tube. For each Configuration, we recorded several images 

of the full photocathode area masked by a 1 mm wide slit as a function of x-ray 

exposure. The f i l m  density on film for the baseline SSC configuration was plotted 
against the integrated x-ray source output, defined as current times exposure time. This 

shows a linear response up to high exposures where  the film is not well calibrated (Fig. 

3). 

Date recorded on Nova experiments that show saturation of the electron optics 
(p inchg of the image) suggests that electron self focusing in the electron optics tube 

when the exposure on film is about 10-20 erg/cm2 at medium gain on the image 

intensifier. This was verified by comparing the exposure of another streak camera 



(SSCA) when  it showed slight pinching. In this case, images of an array of slits showed 

time dependent effects as the electron beam was very close to the saturation level (Fig. 
4). The average exposure was about 2.2 erg/cm, corresponding to an x-ray source 

current-time exposure of 960 PA-s. Therefore, we establish this as the upper limit based 

on dynamic saturation of the electron optics. This is marked in Fgure 3, and all 

subsequent plots of SSC performance below. Note that the film exposure for SSC4 is 
about 10 erg/cmZ at h s  x-ray source flux, consistent with the typical experience on 

Nova at this gain setting. For high gain, the saturation level is 30 erg/cm2 or greater on 

the 5 ns sweep window (speed 1). For faster sweeps, the electron optic saturation level 

corresponds to less film exposure. 

FIGURE 3: 

Film exposure as a function of x-ray source flux obtained using SSC4 with an 
optical image intensifier set at medium gain. 

Visible light CCD 

A Kodak 4k x 4k CCD is proposed as a replacement €or f i h .  This is a 36 mm 
square format CCD with 9 micron pixels. We used this to record the data for SSC4 in its 

otherwise standard configuration. The results are shown in Fig. 5. Here we observe 

CCD counts as a function of x-ray source output. The maximum CCD pixel count 
corresponds to an exposure of about 700 FA-sec, which is close to the saturation level of 



960. The CCD has a high dynamic range. For low exposures, the pixels may be binned, 

but as indicated in Table 2, the resolution is degraded  with binning by more than 2 x 2. 

FIGURE 4: 

SSCA result  showing slight pinching from an OMEGA shot. 
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Optical image intensifier 

Film and CCD images of the photocathode slit were recorded for SSC4 both with 

and without an optical image intensifier. A direct comparision of the results indicates 
that the image intensifier has an optical gain of about 3000 for the medium  setting. As a 

result, the maximum exposure on film before electron beam saturation occurs is only 

about 0.003 e r g / c d ,  too low to be measured. The maximum CCD counts would be 
approximately 3 counts at the maximum x-ray exposure before dynamic electron optics 

saturation. This  can be improved by binning, but  at 2 x 2, this only increases the 
maximum CCD counts to approximately 12. The bottom line is that the present cameras 

may not be used without an optical image intensifier. However, if the electron sensitive 



phosphor is improved or the optical CCD is  significantly more sensitive, then this may 

be an option. 

FIGURE 5: 

Linearity for SSC4 with the optical CCD. Data is plotted for both cases with and 

without the IIT. 
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Microchannel plate 

In one of the Nova SSCs, we replaced the electron sensitive phosphor and optical 

image intensifer with an electron sensitive microchannel plate. A complete comparison 

of the performance of this camera compared to the  standard configuration i s  shown in 

reference XX. Results of the bench  tests are shown in Fig. 6.  In the case where the data 

is recorded on film, the electron streak tube is expected to show saturation with a f i lm 

exposure of only about 0.5 erg/cm2 (average over the full photocathode slit. The 

dynamic range is very low in this case  since w e  run into severe noise about a factor of 10 

lower than this. 

In the case where the data is recorded using the 4kx4k CCD, the electron optics 

tube saturates at about 1000 CCD counts. This allows a wide dynamic range even when 

the CCD pixels are binned with a 2x2 binning. Note, however, that the sensitivity of the 

CCD is reduced at the wavelegth of the P-11 phosphor used here. We may be  able to 

improve this useable range by implementing a different phosphor output that is better 

matched to the CCD. 



FIGURE 6: 

Linearity plot for SSCl with the MCP. The data for both film and the 4kx4k CCD 
are  shown. 
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Comment on noise measurements - we need to have some discussion about the 
signal to noise analysis and results here. 

Conclusion 

The bench tests that were done provided a direct comparison of the resolution of 
the Nova SSCs under various configurations. This confirms that the optical image 

intensifier is a source of significant blurring. Removing this intensifier or replacing the 

phosphor-intensifier combination with an electron sensitive MCP improves the 
resolution significantly. Removing the image intensifier, however, results in signals that 

are too low to be measureable with even an optical CCD. The best solution for 
optimized performance is to use an electron sensitive MCP coupled to an optical CCD. 

This  work was performed  under the auspices of the US. Department of Energy by the University of California, 
Lawrence Livermore  National  Laboratory  under  Contract No. W-7405-Eng-48. 


